Patient navigation refers to support and guidance offered to persons with abnormal cancer screening results or cancer, with the goal of improving access and coordination of timely care (1) . The primary purposes of navigation are to identify and remove barriers to care. Patient navigation was conceived to address health disparities and assist those at risk for delays in care among racial and ethnic minority and lower-income populations. Although patient navigation is rapidly becoming a standard of care (2, 3) , and literature reviews (4, 5) suggest that patient navigation improves timeliness of care, many of the studies have been small, conducted at a single institution, lacked concurrent control arms, or had dissimilar outcome metrics. Strategies and operational definitions of navigation that currently exist in the literature vary considerably, with little consensus on the roles and scope of patient navigation, which also limits the ability to assess the impact of this intervention (1, 6, 7) .
The Patient Navigation Research Program (PNRP) is the first multicenter clinical trial to examine the benefits of patient navigation. Using community-based participatory research methods and addressing care to a diverse group of communities, PNRP targeted four common cancers (breast, cervical, colorectal, and prostate) with available screening tests and evidence of disparate outcomes in underserved populations. We present the findings of the two primary outcomes of the trial: 1) time from abnormal screening to diagnostic resolution and 2) time to initiation of treatment after a diagnosis of cancer or precancerous lesion.
Methods

Overall Study Design
We report here on the combined analyses of nine of the 10 PNRP centers. Each center designed and implemented the intervention within the context of the community setting in which it operated, most using community-based participatory research principles. Data sharing agreements with local communities at the 10th center precluded inclusion into the combined dataset (8) . Two centers conducted an individually randomized clinical trial (9) (10) (11) , two centers conducted a group-randomized trial (12) (13) (14) , and five centers used quasi-experimental designs with nonrandom assignment into the intervention and controls arms at the group level (15) (16) (17) (18) (19) (20) . This individualization of study design based on community input required modifications from methods traditionally used for analyses of multicenter trials. For the abnormal cancer screening resolution analysis, eight of the nine centers had sufficient sample size and power to conduct a center-specific analysis (11, 13, 14, (16) (17) (18) ; therefore we developed an a priori plan for a prospective metaanalysis (21) . For analysis of the initiation of cancer treatment, none of the individual centers was powered to conduct separate analyses; therefore, we conducted a pooled analysis combining data across the nine centers and all cancer types. The institutional review board of each respective institution approved the research (ClinicalTrials.gov identifiers: NCT00613275, NCT00496678, NCT00375024, NCT01569672).
Participant Eligibility
Participants aged 18 years and older were included if they had an abnormal breast, cervical, colorectal, or prostate cancer screening result (22) . Participants with invasive or preinvasive lesions with guidelines recommending treatment (23) (24) (25) (26) were eligible for the cancer treatment initiation analysis. In addition to invasive cancers, we included breast ductal carcinoma in situ, cervical carcinoma in situ, cervical intraepithelial lesions grade II and III, and colorectal carcinoma in situ. Participants for the cancer treatment initiation analysis included both those with the abnormal screening and those recruited after their cancer diagnosis. Exclusion criteria included prior history of cancer, prior patient navigation support, cognitive conditions that would exclude participation in navigation, and pregnancy.
Study Centers
The study was conducted at nine centers recruiting participants from between one and 21 care sites. The majority of the sites were community health centers, in addition to several outpatient practice settings within and outside of safety-net hospitals. Most sites cared for primarily patients who were low income, uninsured or publically insured, and from racial and ethnic minority populations.
Intervention
Navigators used the care management model (27) to identify barriers to recommended care, develop strategies to address these barriers, and track participants through the steps in their medical evaluation. Their focus was on timely diagnostic resolution and therapy initiation. Navigation was initiated after a clinician informed the participant of the abnormal test result. Most programs were imbedded within clinical care systems with close interface with the clinical practice, and most included opportunities for face-to-face interaction between participants and navigators, as well as telephone and mail contact. In addition to patient contact, navigators worked with families, health-care providers, and social service agencies to identify resources to address barriers to care. Navigators documented their activities in a standardized, structured template that captured the barriers identified and the activities performed to address the barriers for each encounter with the patient. Examples of navigation services included arranging financial support, scheduling and arranging for transportation to scheduled appointments, coordinating care among providers, arranging for interpreter services, and linking to community resources.
Each center hired navigators with a minimum of a high school diploma and used the same protocol for the intervention. Navigators participated in annual national trainings and webinars in order to standardize the intervention (28) and were assessed for national core competencies twice annually using a standardized checklist. Centers determined the specific job description and supplemented the national training with ongoing, local training to provide navigators with local context and resource information.
Data Collection
Definitions of all variables were developed by the PNRP investigators and adhered to by all centers. Coding questions were reviewed weekly by investigators to maintain rigorous data entry standards. Clinical variables were abstracted from the participants' medical records, including type of screening abnormality, type and stage of cancer, dates and types of clinical services, and clinical outcomes. Each center coded race/ethnicity uniformly for all participants either from self-report or medical records. Race/ethnicity was collapsed into a single categorical variable: white, black, Hispanic, and other (Asian, Native American, unknown). Primary language was coded as English or other. Health insurance coverage at the time of study entry was hierarchically categorized into private, public, or no insurance coverage.
Statistical Analysis Plan
Time to Diagnostic Resolution. The first outcome of interest was whether and when diagnostic resolution of the abnormal cancer screening result was achieved, defined as time from date of initial abnormal cancer screening test result to date when the definitive diagnostic test or evaluation was completed. We analyzed this outcome using two methods determined a priori (21): First, for each study center and cancer screening type, we calculated an unadjusted rate of achieving diagnostic resolution within 1 year, comparing the intervention with the control arm. The second method used a prospective meta-analysis and provided a single adjusted effect estimate (the adjusted hazard rate ratio [aHR]) across all centers. An adjusted hazard rate ratio was calculated for time to diagnostic resolution for each cancer type within each center. Models were adjusted for participant race/ethnicity, insurance status, language, marital status, and age, except for centers C, F, G, and H, which did not include marital status, and centers C and H, which did not include language, because of missing data. To account for potential intraclass correlations within the sites of care for centers with group-randomized trial or quasi-experimental designs, we used either a clustering variable in a proportional hazards regression (29) (centers A, B, C, F, G, and H) or a shared frailty model (30) (center E).
In developing the proportional hazards models, almost half of the models from centers had a violation of the proportional hazards assumptions, indicating that the effect of navigation varied across time. Because most of these changes occurred at approximately 90 days within the 365 days of observation, we addressed these violations by calculating a separate adjusted hazard rate ratio for 0 to 90 days and for 91 to 365 days, per methods previously described (31, 32) . Effect size (aHR) estimates were calculated for each time period for each center-cancer combination. Separate meta-analyses were conducted for each time period with a random effects model using the method described by DerSimonion and Laird (33) and a test for heterogeneity across the centers (34, 35) . Because of the heterogeneity noted, we conducted a meta-regression with two center-level variables, baseline rates of diagnostic resolution in the usual care arm at each center for each cancer type, and method of subject assignment to intervention at the center (random vs nonrandom designs). An influence analysis was conducted by comparing the recalculated effect estimate to the confidence interval to the initial estimate after removing one center at a time to determine whether the results were unduly influenced by a single center. All analyses were conducted using Stata version 10.0 (36).
Time to Treatment Initiation. The second outcome was time to initiation of treatment for participants with invasive cancer or precancerous lesions. We pooled data across all centers for a single analysis. This method does not account for intraclass correlation at the site within center level. However, 27% of subjects were recruited from the sites conducting individual randomized clinical trial designs, and 50% of subjects were recruited from a single site within a center or sites with five or fewer cases, thereby reducing the potential impact of intraclass correlation. Guidelines developed by the Centers for Disease Control recommend that more than 90% of women initiate therapy within 90 days (37) , and a number of analyses have suggested reduced cancer survival with delays beyond 60 days (37) (38) (39) (40) (41) . Therefore, we compared the unadjusted proportion of participants who initiated treatment within 60, 90, and 365 days between the intervention and control arms. We calculated an adjusted hazard rate ratio adjusting for race/ethnicity, insurance status, age, language, marital status, and cancer type. Because of violations in proportional hazards, we calculated separate adjusted hazard rate ratios for 0 to 90 days and 91 to 365 days. Influence analyses recalculated the adjusted hazard rate ratio, removing the data from each center to assess whether the effect size was unduly influenced by one center. All statistical tests were two-sided.
results
Each center focused on different cancers, eight of nine centers enrolled in breast cancer, four enrolled in cervical cancer, four enrolled in colorectal cancer, and two enrolled in prostate cancer. Table 1 presents the demographic data on the two outcomes, the sample size for each cancer type, and the enrollment at each of the centers. We enrolled 10 521 participants with abnormal cancer screening results and 2105 with a diagnosis of cancer or of a precancerous lesion. Refusal rates by center ranged from less than 1% to 23%. Enrolled participants were diverse; 73% were from racial and ethnic minority groups, 40% were publically insured, and 31% were uninsured at the time of study enrollment. The imbalances in recruitment by race/ethnicity and insurance reflect the group-allocated designs. More than 85% of all participants were women because most participants had abnormal breast or cervical cancer screening results. The low enrollment in colorectal cancer reflected the shift at most institutions to colonoscopy, where concurrent diagnostic biopsy during the screening test eliminated the need for follow-up. Figure 1 shows the unadjusted proportions of diagnostic resolution within 365 days, organized by cancer screening type and resolution rates in the control arms of the centers. For most centers, the navigated arm had a higher percentage of participants who reached a diagnostic resolution than the control arm, and this was similar for all four cancer types. The effect of navigation was greatest at centers where the control arms had the lowest rates, with differences of 20% at several centers. We observed a ceiling effect, where navigation had little or no impact when the control arms had 90% or greater resolution by 1 year. Figures 2 and 3 use forest plots by cancer type to report the meta-analysis of the adjusted hazard rate ratios of time to resolution of abnormal cancer screening results for each of the two time periods, where adjusted hazard rate ratios greater than one indicate a benefit in the navigated arm. The adjusted hazard rate ratio from the metanalysis was 1.14 (95% confidence interval [CI] of 0.96 to 1.35; P =.14) from 0 to 90 days and 1.51 (95% CI = 1.23 to 1.84; P < .001) from 91 to 365 days. Influence analyses always produced an effect size within the confidence interval of the original calculation.
Diagnostic Resolution Trial
Because there was substantial heterogeneity among the effect size estimates (overall I 2 for heterogeneity = 84.5 %; P < .001), a metaregression was performed on the 91 to 365 day period, the period demonstrating a benefit of navigation. Two study centerlevel variables examined were patient assignment (random vs nonrandom) to intervention arm and diagnostic resolution rate of control subjects (a continuous variable). The results indicated that patient assignment was not related to effect size estimates (P > .79), whereas resolution rate of control subjects was statistically significantly related to the adjusted hazard rate ratio (P < .01), confirming that navigation had a larger effect when the time to diagnostic resolution was delayed in the usual care arm.
Although our measure of time to diagnostic resolution began at the date that the screening test was performed, patient navigation efforts did not begin immediately. Navigation was subject to delays in receiving the test report, in the initial contact by a clinician with the participant, and in contacting the participant for consent to enroll. The range by center of median times to initiation of navigation was longer with cervical (24-64 days), colorectal (19-48 days) , and prostate (33-34 days) cancer screening tests than breast (7-33 days) cancer screening tests. Initiation of navigation after a diagnosis of cancer or of a precancerous lesion had fewer delays because 60% of these participants were already consented and enrolled at the time of their diagnosis.
Treatment Initiation Trial
We calculated the unadjusted proportions of participants who initiated treatment at specified time points. The navigated arm had a smaller proportion of participants who had initiated treatment at both 60 days (57% vs 62%) and 90 days (73% vs 75%) compared with the control arm; however, at 365 days, the findings had reversed, and navigated participants had a higher proportion (89%) who had initiated treatment compared with the control participants (87%). We calculated from the adjusted Cox regression analysis separate adjusted hazard rate ratios for 0 to 90 days and 91 to 365 days. The adjusted hazard rate ratio was 0.85 (95% CI = 0.71 to 1.01; P = .07) from 0 to 90 days and 1.43 (95% CI = 1.10 to 1.86; P < .007) from 91 to 365 days. Influence analyses removing one center and recalculating the adjusted hazard rate ratio always produced an effect size within the confidence interval of the original calculation. Table 2 presents the adjusted hazard rate ratio at 0 to 90 days and 91 to 365 days for diagnostic resolution and treatment initiation. The findings for the two outcomes parallel one another, with no impact of patient navigation in the first 90 days of observation. For both outcomes, navigation showed a statistically significant benefit from 91 to 365 days (diagnostic metanalysis: aHR = 1.51, 95% CI = 1.23 to 1.84; P < .001; treatment: adjusted Cox regression aHR = 1.43, 95% CI = 1.10 to 1.86, P < .007).
Discussion
This is the first multisite study of patient navigation as an intervention to reduce disparities in cancer outcomes by addressing barriers to follow-up care and treatment for underserved and minority populations. The goal of this study was to investigate the efficacy of patient navigation in reducing delays in resolving abnormal cancer screening tests and initiating treatment of cancer among diverse populations and four cancer types. Results of this trial indicate a statistically significant, although modest, benefit of navigation on timely cancer care. Both diagnostic evaluation and cancer treatment were initiated earlier in the navigator arm compared with the control arm from 91 to 365 days of observation, but not in the first 90 days.
Our finding of no benefit of patient navigation in the first 90 days may reflect the time required to connect navigators with participants. We note, for example, that 13% of participants with abnormal breast cancer screening results were not able to be contacted by their navigator within 60 days. Our finding of no benefit in the first 90 days may also reflect the fact that some participants are able to overcome barriers without a navigator. We observed the 2 addresses the heterogeneity of the model and is not the overall effect of the intervention. The solid vertical line denotes 1, or no effect. The squares denote the adjusted hazard ratio for each center and cancer type, with the horizontal line indicating the 95% confidence interval. The dotted vertical line denotes the adjusted hazard ratio for the meta-analysis. The diamond indicates the 95% confidence interval of the adjusted hazard ratio. The letters (A-H) in the first column denote the study center. aHR = adjusted hazard ratio; CI = confidence interval.
greatest benefits among centers where control participants experienced longer delays; conversely, we observed little benefit among centers where those in usual care achieved 90% resolution at 1 year. These findings suggest that navigation is likely to show the greatest effects in centers and populations with the greatest delays in follow-up under usual care.
Previous studies have reported mixed results in regard to the benefit of navigation. Whereas some studies reported more timely care (42) (43) (44) (45) (46) (47) , others have not (46, 48) . In the PNRP, the impact of patient navigation was greatest among centers with low baseline resolution or treatment initiation rates in the control arm. This speaks to a need for patient navigation services in settings that possibly have few resources to assist underserved participants to complete timely diagnostic resolution and initiate cancer treatment. Other studies have found stronger effects of patient navigation interventions among populations with low adherence rates (49) .
Some of this variation in prior studies is because of wide variation in what is considered patient navigation. A limitation of our study is the ability to assess the fidelity of implementation of the intervention across the sites and navigators. Although we were unable to assess all of the variability of navigator activities across the centers, we addressed this variability by having a standardized definition of navigation, navigator training and protocols, templates for assessing and recording barriers to care and navigator actions to address barriers, and a standardized competency assessment of 2 addresses the heterogeneity of the model and is not the overall effect of the intervention. The solid vertical line denotes 1, or no effect. The squares denote the adjusted hazard ratio for each center and cancer type, with the horizontal line indicating the 95% confidence interval. The dotted vertical line denotes the adjusted hazard ratio for the meta-analysis. The diamond indicates the 95% confidence interval of the adjusted hazard ratio. The letters (A-H) in the first column denote the study center. navigation standards. Variation in implementation of the intervention may account for some of the heterogeneity of the effect sizes seen. Even when navigators were imbedded within clinical practices, we observed delays in initiating navigation, which likely limited their impact during the first 90 days of care. New data on the efficacy of prostate cancer screening has emerged since the design of the PNRP (50, 51) , with new guidelines advising against prostate cancer screening or for informed decision making, as opposed to population based screening (52-56). We did not have a priori rules for removing centers from the analysis; thus we kept the two prostate screening centers in our analysis. Our sensitivity analysis indicated that no one center affected the overall findings of our analysis. The generalizability of the findings for treatment initiation is limited by the loss of data for 11% of the participants diagnosed with cancer or with a precancerous lesion. We compared the participants with and without a known date for treatment initiation. This former group was more likely to be black and less likely to be Hispanic/Latino or white. No differences were found between these two groups on insurance coverage, age, primary language, or type of cancer. For many of the participants without information on start date of cancer treatment, chart review indicated that participants had received care at another institution, but without specific dates of care available. This study had several strengths, including a large and diverse population of participants geographically, demographically, and by cancer type. The study benefited from the use of community-based participatory methods to reach populations often not included in clinical trials. The resulting different research methodologies required a prospective meta-analysis for diagnostic resolution and a pooled analysis for treatment initiation. This heterogeneity in research design and treatment implementation highlights the reality of community-based participatory research. There is a need for further research to examine which activities of navigation are of greatest benefit and the role of lay vs clinically trained navigators.
In conclusion, the PNRP demonstrates the effectiveness of patient navigation in settings where resources are low or there is a history of poor follow-up rates and among patients at risk of failure to comply with follow-up or treatment recommendations after an abnormal cancer screening test. The impact of navigation to achieve better cancer care for all populations with the overall goal of reducing incidence, morbidity, and mortality from cancer will become more important as the Affordable Care Act is implemented. 
